Cooperation and data sharing among national networks and International Meteor Organization Video Meteor Database (IMO VMDB) resulted in European viDeo MeteOr Network Database (EDMOND). The current version of the database (EDMOND 5.0) contains 144 751 orbits collected from 2001 to 2014. In our survey we used EDMOND database in order to identify existing and new meteor showers in the database.
Introduction
Nowadays, due to the international cooperation, meteor activity is monitored over almost the entire Europe. Consequently, in recent years, multi-national networks of video meteor observers have contributed many new data. As a result, the latest version of EDMOND database contains 144 751 orbits collected from 2001 to 2014.
In this paper, we focus on determining an independent method to associate an individual meteor in the EDMOND database with a given meteor shower. The outcome of this method is confirmation of some of the previously reported meteoroid streams listed in the IAU Meteor Data Center (IAU MDC), and finding potentially new ones.
In Section 2 we provide necessary mathematical tools used in the independent identification procedure described in Section 4. Section 3 focuses on the EDMOND data preparation used in the analysis. While in Section 6 we present our conclusions and perspectives for future work.
Methodology
Our cluster identification procedure links two types of meteor parameters: orbital elements (e, q, i, ω, and Ω) and geocentric parameters (λ, α, δ, and V g ). The first set of parameters is applied by so called D-criteria that determine similarity between orbits of meteoroids. While the second set of parameters measure similarity between meteors on the sky in a given meteor shower activity period.
Orbital similarity functions
The similarity between two orbits is established by measuring the distance between them with Dcriterion (a similarity function). Depending on the number of parameters that defines the similarity function, the distance between two orbits might be measured in a five- (Southworth & Hawkins 1963; Drummond 1981; Jopek 1993) , seven- (Jopek et al. 2008) , or other dimensional phase. In our survey, we use two functions. Southworth & Hawkins (1963) 
where e A and e B is the eccentricity, and q A and q B is the perihelion distance of two orbits, I AB is the angle between two orbital planes, and π AB is the distance of the longitudes of perihelia measured from the intersection of the orbits.
Geocentric similarity function
The second criterion we propose a new distance function D x involving geocentric parameters, defined as
where λ A and λ B is the solar longitude, α A and α B is the right ascension, δ A and δ B is the declination, and V g A and V g B is the geocentric velocity of two meteors. The w λ , w α , w δ , and w V are suitably defined weighting factors. To normalize contribution of each term in D x , we used values: w λ = 0.17, w α = 1.20, w δ = 1.20, and w v = 0.20. Moreover, the values of weighting factors fulfil assumption that compared geocentric parameters differ only 20 • , 3.5 • , 3.5 • , and 3.5 km/s in solar longitude, right ascension, declination and velocity, respectively.
Mean parameters
The mean values of the orbital elements and other parameters of each found cluster were obtained as a weighted arithmetic mean, where the weights were determined by Welch (2001) 
and where D c is the threshold of the dynamical similarity. The mean and standard deviation of angular elements were calculated according to Mardia (1972) . The mean value of the angular element is taken as the solution of the system of equations
Here
where N is the number of members in a group/cluster, and the values of the weights w i are given by Eq. 3.
Figure 1: Found groups of orbits within assumed threshold plot in RA, DEC, V g and log ρ, where ρ represents meteor orbits concentrations in the phase space of orbital elements (Eq. 6).
Data preparation
The current version of the database, EDMOND 5.0, which contains 144 751 orbits collected from 2001 to 2014, has been split between particular years of observations. At first, we pre-ordered dataset of each year in a way that the starting orbit is with the highest orbits concentrations in the phase space of orbital elements. For this purpose we calculated ρ, as defined by Eq. 6. As a result, for each year our input data is ordered from the highest to the lowest density ρ (Figure 1 ).
Identification procedure
Our method may be summarised by following steps:
Step 1: We probe database using D SH with a low threshold value D c = 0.05. Around a meteoroid orbit is created a sphere of orbital parameters and radius D c . A set of orbits within the sphere creates a group, which members are excluded from following search around another meteoroid orbit. In this way, we have independent groups around each reference meteoroid orbit. Next, for each group a weighted mean of parameters is calculated (Eq. 3).
Step 2: Using D x we are merging groups into clusters of similar weighted means of geocentric parameters found in Step 1. Groups are associated if D x ≤ D c , where
To calculate mean of parameters of a new cluster, first we search for an orbit within the cluster with the highest density at a point in orbital elements space (Welch 2001) 
where D i is the value of D SH obtained for the i-th meteor in the cluster by comparing its orbit with orbits of each member of the cluster, and D c is the threshold value adjust to a studied cluster. The orbit with the highest ρ is a reference to calculate the new weighted mean of parameters for cluster found in Step 2.
We repeat Step 2 using new means till groups are no longer linked into clusters.
Step 3: We compare parameters of known meteor showers in the IAU MDC with the final mean values of the same parameters of found clusters. For this purpose we use D SH criterion with D c = 0.15. We merge clusters of the same identified meteor shower. Although, a cluster must have 5 or more members to be considered as a representation of a meteor shower.
Results
The results of our survey are given in To show efficiency of the procedure we present here results for selected cases. Figure 2 shows meteor concentrations of Geminids, Perseids, and Orionids on the sky. Those meteor showers are the most prominent showers in the EDMOND database, including over 5 000 members. Those showers have been correctly identified by our procedure. Their activity period lasts about 25-35 days. As should be expected, Geminids and Orionids are more compact in comparison to Perseids meteor shower. But in contrast, Perseids is more prominent than the other two showers.
A given identification method may fail in separation of branches of the same meteor shower. Moreover, if two meteor showers are located in close distance to each other on the sky, an identification method based on geocentric parameters may fail and link those two showers into one. However, our identification procedure succeeds in correct separation of meteor showers in such cases. 
Conclusion
In order to apply D SH criterion in Step 3 for identification of clusters, we selected meteor showers for which their orbital elements are provided by the IAU MDC (as of June 2014). In total we used 488 meteor showers.
We identified 257 meteor showers. The list includes 42 already established streams, 152 from the working list and 63 pro-tempore meteor showers. There are several clusters that require further investigation. Some of them are those meteor showers for which orbital elements are not given at the IAU MDC. We plan to identify them using D x criterion, calculate their orbital elements which will be provided to the IAU MDC subsequently. Of course, not identified yet clusters may represents also possible new meteor showers, which need our additional, detailed analysis before they will be submitted to the IAU MDC as well.
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